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Epidermal stem cells, which give rise to cells of different fates including those forming hair follicles, interfollicular epidermis and associated glands such as sebaceous and sweat glands, play an important role in wound repair and tissue engineering of replacement skin [1-3]. To date, however, the limited number and capacity for the isolation or purification of epidermal stem cells have hampered the widely clinical applications, which compel scientists to look for new sources of stem cells. Studies on cellular dedifferentiation provide a new insight into the research of stem cells. Dedifferentiation means recessive differentiation, that is, the progression of cells from a more differentiated to a less differentiated state. It has been shown that dedifferentiation occurs during wound repair and regeneration of plants and various vertebrates. Especially, recent studies suggest that dedifferentiation may be also possible in mammalian system. Terminally differentiated mammalian cells are commonly thought to be incapable of undergoing a reversal of cell differentiation.
However, Odelberg et al. [4] [5] , ciliary neurotrophic factor [6] or small molecules such as reversine [7, 8] . Moreover, it was also reported that skin cells, such as fibroblasts, were reprogrammed to an embryonic-like state by the injection of a nucleus into an enucleated oocyte [9, 10] or ectopic expression of some transcription factors including Oct4, Sox2, c-myc, Klf4, Nanog and LIN28 [11, 12] [13] demonstrated that serum factors can induce the dedifferentiation of cultured HaCaT keratinocytes. In addition, 
Materials and methods
Preparation of ultrathin epidermal sheets
Human foreskin specimens were digested at 4ЊC with 2 mg/ml protease (Sigma, St Louis, MO, USA) for 10-12 hrs and then the epidermis was isolated from dermis. The isolated epidermis, with the stratum basale downwards, was anchored to the bottom of culture dishes coated with collagen type IV (100 g/ml; Sigma) for 10 min., and flushed with Dulbecco's modified Eagle medium (Gibco, Grand Island, NY, USA), this process being repeated three to four times to eliminate the cells of the stratum basale [16] . 
Xenografting of ultrathin epidermal sheets
) ϭ (G2M ϩ S) / (G0G1 ϩ S ϩ G2M).
Long-term growth potential
Fabrication of skin equivalent
'Three-dimensional' cultivation of epidermal cells was performed as previously described [20] . 
Dedifferentiation of differentiated epidermal cells in grafted sheets
After the ultrathin epidermal sheets were transplanted for 5 days, cells negative for CK10 but positive for CK19 and ␤1-integrin emerged at the wound-neighbouring side of the skin grafts (Fig. 1C, F and I) . Furthermore, the percentages of CK19 and ␤1-integrin ϩ cells detected by FACS were increased after grafting (P Ͻ 0.01, Fig. 2C-F Fig. 2A [19] and Oct4 in rare interfollicular basal cells of human epidermis in situ [23] . (Fig. 6A-C Fig. 6D ). These data showed a highly significant capacity of dedifferentiation-derived cells to give rise to colonies. (Figs. 9A-C) .
Fig. 3 Detection of X-and Y-chromosome specific sequences by PCR. M, Marker; lane 1, control (differentiated epidermal cells); lane 2, positive control (epidermal stem cells); lane 3, grafting group (dedifferentiation-derived cells); lane 4, mouse skin tissue; lane 5, no DNA (negative control). immunofluorescence was performed on differentiated epidermal cells, epidermal stem cells and dedifferentiation-derived cells. Results showed that CK19 and ␤1-integrin n proteins were present in epidermal stem cells and dedifferentiation-derived cells, but not in differentiated epidermal cells. Moreover, red staining indicated very intense CK19 and ␤1-integrin expressions in the membrane and cytoplasm of epidermal stem cells and dedifferentiation-derived cells (Fig. 4).
Oct4 and Nanog expression More recently, Oct4 and Nanog expressions have been found in stem cells from different adult human tissues. Thus their expressions have been considered general markers of self-renewal and pluripotency in stem cells. To further confirm the stem cell-like nature of the dedifferentiation-derived cells, we sought to investigate the expressions of the transcription factors Oct4 and Nanog. Real-time PCR analysis revealed that the dedifferentiation-derived cells, as well as epidermal stem cells, were Ͼ5-fold enriched for both Oct4 and Nanog (Fig. 5). This finding is consistent with observations reporting Oct4 and Nanog in epidermal stem cells cultured in vitro
Functional characteristics
Colony-forming efficiency It has been reported that epidermal stem cells are clonogenic and have high colony-forming ability. In order to elucidate whether dedifferentiation-derived cells also have this ability, the number of colonies consisting of 5-10 cells and greater than 10 cells were counted blindly. We found that dedifferentiation-derived cells, as well as epidermal stem cells, possessed high clonogenic capacity
Proliferation index To study the growth characteristics of dedifferentiation-derived cells, three cell subpopulations (G0/G1, S and G2/M) were estimated by performing a flow cytometric measurement of DNA distributions of cells. In grafting and positive control groups, more cells were in S phase and G2/M phase of the cell cycle as © 2009 The Authors Journal compilation © 2010 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd
Discussion
In [24] . In addition, it was also reported that pancreatic cells [25] , renal epithelial cells, retinal cells, myoblasts [6] , chondrocytes, and many other cells all have the potential of dedifferentiation in response to appropriate signals or factors [26] . In epidermis tissue, differentiated epidermal cells in vivo treated with rhEGF were found dedifferentiated into stem cells or stem-like cells in prickle cell and granular layers of regenerated epidermis [14] [15] [16] . These small cells exhibited positive expression of ␤1-integrin and CK19, which are thought to be special molecular markers of epidermal stem cells [27] [13] .
If these dedifferentiation-derived cells were intended to be used widely in regenerative medicine, they should be isolated for characteristic identification. Now, there are three ways of isolating epidermal stem cells. These include methods of isolating stem cells on the basis of rapid adhesion to type IV collagen [17] , high surface expression of special molecular markers [28] and relative cell size [29, 30] . However, the most simply and effectively isolating method is differential adhesion. It was reported that epidermal stem cells can be isolated to greater than 90% purity on the basis of their adhesive properties [31] . In this study, we showed that there were 4 [14, 27] . The self-renewal genes Oct4 and Nanog, known to be highly expressed in self-renewing embryonic stem cells [33, 34] , are also expressed in several adult stem cells including epidermal stem cells, but not in normal differentiated cells [19, 23, 35] . So, Oct4 and Nanog expressions have been considered general markers of self-renewal in stem cells. In addition, the in vitro functional assays showed that dedifferentiation-derived cells, as well as epidermal stem cells [36, 37] equivalents [38] . These 
